Acholeplasma laidlawii is a procaryote belonging to the mycoplasmas (order Mycoplasmatales), which are characterized by their permanent lack of a cell wall (14, 16, 18) . This property makes them very suitable for membrane studies. The proteins of intact mycoplasma cells (17), as well as of their cytoplasm (1) and membranes (1, 8, 9, (19) (20) (21) (22) Ph.D. thesis,
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MATERIALS AND METHODS
Cultivation of A. laidlawii and preparation of plasma membranes. A culture ofA. laidlawii (strain B, PG 9) was supplied originally by S. Razin (Department of Clinical Microbiology, The Hebrew University-Hadassah Medical School, Jerusalem, Israel). The strain has not been subsequently cloned. It has been passaged for several years in our laboratory (in Uppsala) and, therefore, may differ from the original strain B. It will be referred to as strain B(ju). Both the cultivation of the organisms and the preparation of membranes were, with some minor modifications (8), performed as described by Razin et al. (15) .
Solubilization of the plasma membrane and isolation of membrane proteins. Tween 20, a polyoxyethylene sorbitan monolaurate obtained from Atlas Chemie GmbH, Essen, Germany, was used to solubilize the membranes. The complete procedure has been described previously (8) . The purification procedure for membrane proteins from A. laidlawii is outlined in Fig. 1 . Isolation of the Tween 20-soluble membrane proteins from the supernatant fluid was mainly based upon different electrophoretic procedures (7-9). The Tween 20-insoluble membrane protein D12 was extracted from the Tween residue with DOC, which was obtained from E. Merck AG, Darmstadt, Germany. The Tween residue was prepared by repeatedly extracting 100 mg (dry weight) of membranes with Tween 20 (6) and finally washing it with 4 ml of water. The Tween residue was extracted with 2 ml of 5% DOC in 0.1 M glycine-NaOH buffer (pH 9.1) and centrifuged as described in the legend to Fig.  1 . A supernatant and a residue were obtained. If membranes were dissolved directly in DOC, however, no residue was obtained. The DOC supernatant was highly enriched in protein D12, which was further purified by chromatographic molecular sieving (gel filtration) on Bio-Gel P-200 in the presence of 0.5% DOC in the above buffer. The fractions corresponding to the second peak in the chromatogram only contained protein D12, as judged from polyacrylamide gel electrophoresis in SDS.
Crossed immunoelectrophoresis. In crossed immunoelectrophoresis according to Laurell (11) , the antigens (e.g., detergent-solubilized membrane proteins) are first separated by agarose gel electrophoresis. The antigens are then forced into the antibodycontaining gel by electrophoresis at a pH which is close to the isoelectric point of the antibodies and in a direction perpendicular to the first-dimensional electrophoresis. Precipitation lines are formed against each protein in the sample to which the antiserum contains the corresponding precipitating antibodies.
A modified technique for crossed immunoelectrophoresis was used (4), and the experiments were performed in the presence of either Tween 20 (9) or DOC (21) to keep the membrane proteins soluble. Approximately 10 ug of proteins in the unfractionated detergent extracts and 1 ug of the purified proteins were analyzed. The concentration of the antiserum, which (hydroxymethyl)aminomethane-hydrochloride buffer (pH 8.0) in the first step (6). The mixture was centrifuged at 180,000 x g for 1 h at 2°C. In the next step the proteins in the Tween supernatant were fractionated by agarose suspension electrophoresis (ASE) in the presence of 1% Tween 20 (7-9). The proteins in the fractions from ASE were purified by preparative polyacrylamide gel electrophoresis (PPGE) and dextran gel electrophoresis (DGE) in the absence ofdetergents (8) and ASE in the presence of 1% Tween 20 and 6 M urea (8) . The bulk of Tween 20 was removed from proteins T4. and T4b by PPGE in the absence of detergents (8) . insoluble protein D12 was extracted from the Tween residue (6) with 5% DOC as described in the text and further purified by chromatographic molecular sieving on Bio-Gel P-200 in the presence of 0.5% DOC. DOC was removed from protein D12 by extensive dialysis. Polyspecific antiserum against A. laidlawii membrane proteins was prepared in rabbits by immunization subcutaneously with a suspension of whole membranes from A. laidlawii strain B(ju) mixed with Freund incomplete adjuvant ( Fig. 2A; 5) or with a suspension of whole membranes from A. laidlawii strain A (PG 18, ATCC 23206) mixed with complete adjuvant ( Fig. 2B and 3; 19) .
It can be shown by "parallel" or tandem crossed immunoelectrophoresis (10) which precipitation line corresponds to a certain protein, if this protein can be purified. In these techniques, the purified protein is applied in a well beside or in front of a well with the unfractionated detergent extract (see Fig. 3 ). Parallel crossed immunoelectrophoresis was used to identify several components in the DOC crossed immunoelectrophoretic patterns (see Fig. 3B, D, F, and H) . Analysis of protein D12 was done by a tandem crossed immunoelectrophoresis (10) , which is shown in Fig.  3J .
RESULTS AND DISCUSSION
Crossed immunoelectrophoresis of A. laidlawii membrane proteins in the presence of Tween 20. Figure 2A shows crossed immunoelectrophoresis of the Tween 20-soluble fraction (the so-called Tween supernatant [6]) of A. laidlawii cell membranes. The designations previously suggested for these proteins (6, 8, 9) are indicated on the figure. One advantage of using Tween 20 for solubilization of the cell membrane from A. laidlawii was the selectivity (6), which can be utilized as a first step in purification of the membrane proteins (7-9). Another advantage of using Tween 20 (and other neutral detergents) in crossed immunoelectrophoresis was the good resolution of the antigens in the first direction (see below).
It was usually possible to detect 15 to 20 precipitation lines when the Tween supernatant was analyzed by crossed immunoelectrophoresis. The precipitation pattern does not reflect the protein composition of the membrane, since only 50% of total membrane protein can be solubilized in one step with Tween 20, and the different proteins are not solubilized to the same extent under the conditions used (6).
Crossed immunoelectrophoresis of membrane proteins in the presence of DOC. Tween 20 should not be used for solubilization if the aim is to study all proteins of the A. laidlawii cell membrane. In such experiments it is necessary to choose a detergent which solubilizes the membrane as completely as possible. For example, SDS (6) and DOC (22) are very efficient in solubilizing cell membranes of A. laidlawii. Certain problems are associated with the use of SDS, however, if the solubilized proteins are to be analyzed by crossed immunoelectrophoresis, since the reaction between antigen and antibody is interfered with by this detergent (12, 20) . DOC can be more readily used for complete solubilization of the A. laidlawii cell membrane and for keeping the membrane proteins solubilized during crossed immunoelectrophoresis. Figure 2B illustrates the crossed immunoelectrophoretic pattern obtained with a DOC extract of A. laidlawii membranes run in the presence of DOC. A reference system for designation of the precipitation lines has been introduced by Wr6blewski and Ratanasavanh (22 Fig. 2A and B shows that the resolution of the antigens (membrane proteins) in the first direction was better in the Tween system ( Fig.  2A ) than in the DOC system (Fig. 2B) Figure 3 shows crossed immunoelectrophoretic analysis of several purified A. laidlawii membrane proteins in the presence of DOC. The purified proteins were analyzed alone in the lefthand series (panels A, C, E, G, and I). As can be seen from these panels, each protein sample contained one minor contaminant, which was of no importance, however, for the following experiments. Note that protein D12 (panel I) gave a comparatively weak precipitate. In the righthand series (panels B, D, F, H, and J), the purified proteins were analyzed in parallel with a sample of unfractionated DOC extract or by tandem crossed immunoelectrophoresis (see Materials and Methods). The areas of the immunoprecipitation lines which increased in the right-hand series compared with the corresponding areas of precipitates in Fig. 2B are denoted with arrows. The results are summarized in Table 1, which also shows which protein band in SDS-polyacrylamide gel electrophoresis corresponds to the precipitation line. The relation- The present nomenclature has no connection with the reference system previously used (22). ' Could not be determined since protein D12 formed a weak precipitate in the presence of DOC.
'The protein corresponding to precipitation line tlb has not yet been identified in other systems, since it has only been prepared so far in small amounts (8) .
ships between bands in SDS-gel electrophoresis and precipitation lines in crossed immunoelectrophoresis in the presence of Tween 20 has earlier been established by using the purified proteins (8 Fig. 3I and J). It was, therefore, impossible to correlate with certainty precipitation line tia (protein D12) with any of the precipitates in the DOC reference system by tandem crossed immunoelectrophoresis, which should, in principle, give a double peak (10) . The reaction between protein D12 and its antibodies was apparently inhibited to some extent by DOC.
Comparison of Tween 20 and DOC. Tween 20 can be used in crossed immunoelectrophoresis of A. laidlawii membranes when it is important to have good resolution of the antigens in the first direction, e.g., to follow the purification of the Tween 20-soluble membrane proteins of this organism (8, 9) . Other neutral detergents (e.g., Triton X-100) gave similar patterns in crossed immunoelectrophoresis (20) . DOC can be used when it is important to have quantitative solubilization of all the membrane proteins of A. laidlawii or other mycoplasmas, e.g., for taxonomic purposes (20) or to obtain a precipitation pattern which as far as possible reflects the complete protein composition of the membrane. It must be remembered, however, that to determine the quantitative protein composition of mycoplasmal membranes by crossed immunoelectrophoresis, one must obtain standard curves for every protein, since the area under a precipitation line depends on both the antibody and the antigen concentrations.
Properties of the antiserum. The antiserum, which was used in the experiments shown in Fig. 3 , was raised against A. laidlawii strain A, whereas the membrane proteins, used as antigens, were prepared from A. laidlawii strain B(ju). These experiments show that the five isolated membrane proteins from strain B(ju) have counterparts that are immunologically related to those in the membrane of strain A. When membranes from strains A and B(ju) were analyzed by crossed immunoelectrophoresis with antiserum raised against strain A, differences in the precipitation patterns were observed. Preliminary findings indicate that the main proteins may exist in different proportions in the two membranes and that minor proteins may be absent in one and present in the other membrane.
